It is difficult to determine the part that international trade has played in the expansion of vector-borne diseases, because of the multitude of factors that affect the transformation of habitats and the interfaces between vectors and hosts. The introduction of pathogens through trade in live animals or products of animal origin, as well as the arrival of arthropod vectors, is probably quite frequent but the establishment of an efficient transmission system that develops into a disease outbreak remains the exception. In this paper, based on well-documented examples, the authors review the ecological and epidemiological characteristics of vector-borne diseases that may have been affected in their spread and change of distribution by international trade. In addition, they provide a detailed analysis of the risks associated with specific trade routes and recent expansions of vector populations. Finally, the authors highlight the importance, as well as the challenges, of preventive surveillance and regulation. The need for improved monitoring of vector populations and a readiness to face unpredictable epidemiological events are also emphasised, since this will require rapid reaction, not least in the regulatory context.
Introduction
Throughout history, the opening up of travel and travel routes has been accompanied by biological invasions, including pests and diseases and their vectors (75) . Perhaps the most devastating, invasive vector-borne disease -the plague (caused by the bacterium, Yersinia pestis) -was initially transmitted by the rat flea, Xenopsylla cheopis. Pandemics of bubonic plague probably killed onethird of the European population (39) . Similarly, the introduction of yellow fever virus and its vector, Aedes aegypti, to the New World in the 17th Century caused mass mortality among native Amerindians and European settlers (78) . Another example of a major vector-borne disease expansion was the disease spread that occurred after the introduction of the important African malaria mosquito vector, Anopheles gambiae, into north-eastern Brazil in the 1930s (56) . One example of a non-arthropod vector is the flatworm Schistosoma mansoni, the agent of intestinal schistosomosis, which was introduced into the American tropics with its competent intermediate host, the snail, Biophalaria glabrata (42) .
During the 20th Century, scientific advances in insect biology and ecology, as well as the new availability of highly effective pesticides (acaricides and insecticides, especially dichlorodiphenyltrichloroethan or DDT), parasiticides and vaccines contributed to what later turned out to be the mistaken belief that many vector-borne and infectious diseases belonged to the past (36) . Indeed, impressive results were obtained in the control and elimination of some vector-borne diseases, including yellow fever and malaria, particularly in the temperate climate zones. However, most of these gains were at the perimeter of the global disease distributions, where the vector is more vulnerable and disruption of transmission more readily achieved.
Following the awakening of scientific interest and the positive early results of campaigns against diseases and vectors, interest in vector-borne diseases gradually decreased and many were catalogued more as tropical diseases persisting in remote areas (68) . Wide-scale use of insecticides was gradually abandoned, and even banned, for ecological reasons, largely because of the negative effects of persistent insecticides on non-targeted species across trophic layers. In the absence of major vector-borne epidemics or epizootics in Europe, campaigns against mosquitoes were mainly focused on the seasonal nuisance that they caused (32) . Moreover, formal training in medical entomology became neglected, to the extent that in France a warning was addressed to politicians (17) .
Lately, and in particular since 2000, a series of outbreaks of vector-borne diseases in humans and animals in Europe and North America has put these diseases back at the top of the agenda. Interestingly, not just one type of pathogen or vector has emerged but a range of viruses, bacteria and parasites. These pathogens cause a range of diseases, including:
-mosquito-borne disease (West Nile fever, chikungunya and dengue) -tick-borne disease (Lyme disease and tick-borne encephalitis) -midge-borne disease (bluetongue, epizootic haemorrhagic disease, leishmaniosis) -fly-borne disease (Old and New World screwworm, animal trypanosomosis) (63) .
Climate change has been incriminated on the basis that the impact of abiotic factors on the distribution of arthropods is well recognised. However, while climate change is probably a contributing factor, other factors associated with globalisation and land use are more important (22) .
One of the main results of globalisation is the explosive growth in the mobility of people and the exchange of goods, including biological items. Many of the physical or cultural barriers that, in the past, have prevented such exchanges, and thus disease dissemination, have been removed in recent decades. During the past 50 years, the annual growth in air traffic passengers has averaged 9%, while the volume of shipping traffic has increased by about 30% since 1993 (75) . International trade in live animals and animal products offers opportunities for pathogens and vectors to be transported across oceans and continents. However, with the exception of a few documented examples, discussed below, the specific contribution of globalisation to disease emergence is inherently difficult to quantify. First, there is a multiplicity of routes of introduction, including active and passive dispersal of vectors, travel by infected human hosts, animal movements and migration, and transportation of goods. Ten years after the introduction of West Nile virus into the United States, it is still not clear whether the disease was introduced by infected vectors or birds (43) . Secondly, biological invasions are multi-step processes, involving introduction, initial dispersal, establishment and spread. Since the dynamics and interactions between pathogen, host and vector are complex and influenced by ecological conditions acting at different geographical scales, vectorborne disease encroachment upon ecosystems and biotopes is notoriously difficult to unravel (62) . Given the increase in trade, introductions of alien species are also on the rise. Nevertheless, probably most introduced pathogens or vectors fail to amplify and become established.
The successful introduction and establishment of a vectorborne disease in a new area depend on a number of prerequisites and stochastic variables. An introduction may entail:
-an infected competent vector in a new environment inhabited by a susceptible vertebrate host species -an infected vertebrate host species in a new environment inhabited by competent vector(s) -an infected, susceptible vertebrate host, together with a competent vector, in a new environment where both can migration and cannot really be described as having been triggered by trade. Yellow fever, and its main vector, Ae. aegypti, is a well-known example of a complete vector system being successfully introduced into the New World during the slave trade. Aedes aegypti is highly anthropophilic and the mosquito populations were apparently able to survive and breed in the casks used for the shipboard storage of water, while feeding on readily available human hosts. 'With the slaves and the mosquitoes came the deadly yellow fever virus … hence the yellow flag of quarantine' (59).
More recently, ehrlichiosis or heartwater is known to have been introduced to the Caribbean by cattle imported in 1830 from Senegal, infested by the tick Amblyomma variegatum (77) . The long development period of each stage of the tick on the host, plus its capacity to adjust to the available hosts, probably helped the tick and infection to survive transportation and then become disseminated upon introduction into a new area. (Amblyomma variegatum, which is usually telotrophic, can become monotrophic, feeding on livestock in situations where wild hosts are rare [7] .) Similarly, equine haemoparasites (Babesia equi and B. caballi), endemic in most tropical areas, were introduced into the United States in 1959, by horses imported from South America carrying Dermacentor nitens. The same thing happened in Australia in 1976, with horses from Asia. Dermacentor nitens is a monotrophic tick, in that all its stages feed and develop on a single host, which makes transportation less hazardous (54) . However, nowadays, the speed of air travel makes the inability of these vectors to survive weeks of transportation much less important.
The key scenarios for establishment
If the key question is more about the capacity to become established, rather than stochastic factors and opportunities to enter, which are many, then a deeper analysis of the epidemiology of these diseases is needed. However, demographic, environmental, social, technological and other changes in human ecology, including urbanisation, are reshaping the epidemiology of many diseases (47) , and disease emergence is extremely difficult to anticipate as long as these drivers are poorly understood (55, 63) . Furthermore, if we accept that the opportunities for introduction have apparently increased during the past few decades, it is likely that we are still in a transition period, and that many more invasions are now in progress or yet to come. Moreover, the continuing expansion of mosquito distribution, discussed below, indicates that an equilibrium has not yet been reached. The evolution of the disease complex towards sustained endemicity is possible in a situation where the environment supports a ratio of competent vectors to susceptible vertebrate hosts over a certain threshold.
To further assess the role of trade in disease introduction, it is worth examining history to learn from events that took place in the distant past (63). Today' s perception of the management of vector-borne diseases has been much influenced by relatively recent successes and may not fully reflect the magnitude of the risks confronted. For example, many people think that mosquito-borne diseases require tropical conditions, but history suggests that many mosquito-borne diseases may have prevailed at northern latitudes, at least until relatively recently. For example, catastrophic yellow fever epidemics used to be common during the 19th Century in North America, as far north as New York and Boston, and in European ports, such as Cardiff and Dublin (61) . Denmark and parts of Sweden experienced major malaria outbreaks until the 1860s. The reasons for the decline of malaria in western countries have been detailed by Reiter (59) ; namely, despite the existence of competent vectors (57) , and thousands of introductions annually, by travellers carrying parasites, malaria rarely causes secondary cases because of rapid detection and treatment. This example illustrates once more that the entry of pathogens does not necessarily translate into persistence of the disease.
Trade and travel define the new atlas of vector-borne diseases
Over history, an increasing number of incursions and the spread of vector-borne diseases have resulted from regional or intercontinental trade in live animals and animal products, and this process has dramatically altered the disease atlas. As pointed out by Blancou and Chillaud (9) , most of these animal movements followed human
Pathogens associated with many species of vector
Many arboviruses are not very specific in terms of vector species associations. The transmission of West Nile virus involves mainly avian hosts and ornithophilic mosquitoes, especially from the genus Culex, of which many species are highly or moderately competent. As a result of this diversity in vectors, West Nile virus is by far the most widely distributed arbovirus (38) . The disease may be introduced into new areas through wild bird migrations; disease flare-up is mainly observed along migratory bird flyways linking tropical wintering areas to the northern breeding sites, especially in the deltas of Africa and Europe (14) . During epidemics, outbreaks can be observed in apparently random locations, from wetlands to suburban areas (5) . Viraemia in humans and horses is generally too low to infect mosquitoes and therefore the introduction of West Nile virus into new areas by infected humans or equids seems improbable (60) . Two major hypotheses remain for the recent introduction of West Nile virus into the United States: (i) it came with infected mosquitoes in an aeroplane; (ii) it was introduced by an imported infected bird. The second is more probable. The genetic resemblance to a virus circulating a few months previously in Israel supports the hypothesis that it could have been introduced from that region (43, 48) .
Another disease with a wide range of potential vectors is Rift Valley fever. The Rift Valley fever virus has historically been held responsible for widespread and devastating outbreaks in many parts of the African continent, extending as far as the Arabian Peninsula and Madagascar. No fewer than 38 arthropod species have been found to be infected in nature, of which at least 35 have shown vector competence under controlled conditions (28) . Among the mosquito species alone, six genera are represented, namely:
Certain species belonging to the last two genera are considered to be major vectors (46, 50) .
Rift Valley fever can develop into dramatic outbreaks when the abundance of vectors increases following sustained rainfall and flood conditions (21) . Epidemics may also occur when viraemic animals are introduced into areas with a high density of mosquitoes, such as irrigation schemes. The 1977 to 1978 epidemic along the Nile and in the Nile Delta resulted in the unprecedented number of Rev. sci. tech. Off. int. Epiz., 30 (1) 122 200,000 human infections with at least 594 deaths (1, 49) . The virus is thought to have been introduced from Sudan through trading in small ruminants, transported by boats across Lake Nasser (35) , and then further disseminated along the Nile River, probably by animals transported by railroad (70) . Exported livestock were also incriminated in the introduction of the disease from the Horn of Africa into south-west Saudi Arabia and the adjoining provinces of Yemen in 2000 (2) . Interestingly, these virus strains proved to be genetically very similar to those isolated from the 1997 to 1998 outbreak in the Great Horn of Africa (72) . It has been speculated that infection smouldered in the Arabian peninsula from 1998 until 2000, when sustained heavy rains and increased mosquito populations again precipitated an epidemic (73) . If confirmed, this hypothesis will illustrate how complex the ecological dynamics behind disease emergence really are.
Pathogens associated with a specific vector
Some pathogens are specific to their competent vectors. Such is the case with the African horse sickness virus, transmitted by blood-feeding midges, especially Culicoides imicola. The disease occurs throughout the African continent, where it is endemic, from the subSaharan dry belt to parts of South Africa. Occasionally, it has been reported by countries in North Africa, where the vector is also present, extending as far as the Middle East and Spain (15).
While not always precisely documented, these incursions are presumably related to the trade in, and movement of, horses. Outbreaks in Egypt tend to flare up in the southern parts of Aswan and Qena provinces. In 1943, at least, horses imported from Sudan were clearly incriminated (9) . The major outbreak which occurred in the Middle East in 1959 followed the illegal importation of horses from East Africa and resulted in the death of 300,000 equids (80).
Trade in wild equids has also been documented as a possible source of the introduction of African horse sickness and subsequent outbreaks. In 1987, African horse sickness virus was introduced to a safari park close to Madrid, Spain, following the importation of ten infected zebras from Namibia (44, 64) . African horse sickness infection in zebras is usually subclinical, yet the viraemia can persist for up to 40 days post infection (10) . Viraemia has even been reported to occur in the presence of circulating antibodies, possibly because of the close association of the virus with erythrocytes in invaginations of the blood cell membrane, as also observed in bluetongue virus (13, 80) . Hence, zebra constitute a 'Trojan horse' for the introduction of African horse sickness virus into disease-free areas (6).
For many years, C. imicola was considered the sole vector of African horse sickness in Africa (26) , before other species were proven competent: C. bolitinos in southern Africa (51) and C. variipennis in the United States (11) . Past occurrences of African horse sickness in the Mediterranean Basin had always been linked to the presence of C. imicola, until the 1987 to 1990 outbreaks in Spain and Portugal, when the virus was isolated from mixed pools of Culicoides species other than C. imicola, suggesting that other species might also become involved in the transmission of the disease in Europe (10).
Bluetongue, a midge-transmitted disease of ruminants, is very similar to African horse sickness in terms of aetiology and transmission. The disease recently showed unprecedented spread beyond its endemic areas in subSaharan Africa into the Maghreb. From there, it crossed the Mediterranean in a few weeks, vectored by C. imicola (76) . Culicoides imicola has recently extended its range northwards into naïve areas of Europe (52) . Both the virus (serotypes 1, 2, 4, 9 and 16) and the insect have meanwhile become firmly established in the southern part of Europe. However, given the rapid progression of the virus beyond the C. imicola distribution area, a number of other vectors, possibly also of the genus Culicoides, are apparently involved in its transmission (23) .
The existence of additional competent species was confirmed in 2006 when bluetongue virus serotype 8 emerged in the Netherlands, hundreds of kilometres north of the known northernmost limit of C. imicola (29, 76) . Based on knowledge collected during previous introductions of bluetongue virus serotypes (30) , several hypotheses emerged on the ways in which serotype 8 may have been introduced. These included:
-the legal or illegal importations of infected domestic or wild ruminants (69) -the introduction of midge vectors by the wind (this was later strongly suspected as the source of introduction of the virus into the United Kingdom [40] , however, for the first flare-up of serotype 8 in the Netherlands, the distance from endemic areas was probably further than could be realistically expected from windborne spread) -the passive transport of Culicoides by aircraft -the transport of vectors through international trade in containers of plants, especially flowers from endemic areas of Africa -the introduction of an infected biological source, in particular, contaminated vaccines.
Although bluetongue virus has occasionally been detected in the semen of viraemic bulls, field studies of naturally infected bulls in both the United States and Australia indicate that transmission of field viruses by semen is extremely rare, if it happens at all. Experimental infection of bulls with laboratory-adapted strains of bluetongue virus has shown an intermittent presence of virus in semen during viraemia (41) , possibly because of the presence of blood cells in the semen (12) . Thorough investigation of shipments of domestic and wild ruminants, or semen or embryos, that occurred before the outbreak in the Netherlands did not reveal any likely source of virus and so the route of introduction remains unknown (53) .
Pathogens for which vector association is not strictly necessary
African swine fever is endemic in the pig populations of most countries of sub-Saharan Africa and its epidemiology is relatively well understood. Where the infection is endemic, the transmission of the virus occurs mainly through the oro-nasal route, between domestic pigs and also wild boar or feral pigs. The long-distance spread of African swine fever results mainly from feeding pigs food waste that contains pork products contaminated with the virus. If competent vectors (Ornithodoros spp.) are present, they play an important role in the local transmission cycle of the virus; in particular, enhancing its persistence in an area.
In the African sylvatic cycle, the warthog (Phacochoerus) burrow biocenose, comprising all the warthog age classes and the Ornithodoros soft tick genus, plays the epidemiological role of virus reservoir. The warthog does not show any clinical signs and has life-long viraemia. However, titres are high for a limited period only, during which the virus is transmitted directly through the usual oro-nasal route. Outside this period of high-titre viraemia, only ticks can transmit the infection from an infected to a susceptible warthog. Ticks also play a key role in the transmission of the virus from the sylvatic habitat to domestic pigs.
The history of African swine fever' s emergence in countries within and outside Africa has shown the disease to have quite different impacts, depending on:
-the presence of vectors -the breed of pigs -husbandry methods -the ability of the pig production subsector and veterinary authorities to jointly implement effective control measures (reviewed in 16).
Nearly all African swine fever outbreaks outside Africa have been associated with formal or informal trade in pork and pork products (33, 45, 65) , and the feeding of pigs with food waste containing contaminated pork. In theory, the legal international trade in live animals could be a source of introduction, but it has presumably not yet played a role, and this is not likely to change, given that any substantial trade in live pigs involves commercial pig production units implementing effective disease prevention measures (31) . The recent introduction and spread of African swine fever to the Caucasus suggest routes of introduction coinciding with the trade in pork products, both local and long distance. Hence, feeding pigs with food waste linked to informal trade unfortunately remains a main source of the propagation of African swine fever in Eastern Europe (34) .
The increasing worldwide exchange of people and products presents opportunities for African swine fever to show up in naïve pig populations around the world. The impact of introduction is likely to be devastating in regions with high pig densities and also prominent extensive production systems, as found, for example, in southern China and parts of Southeast Asia. The enhanced support by China to selected African countries, in the areas of trade and development, has been identified as a risk for the first introduction of African swine fever into eastern Asia (8) .
Trade regulations represent a tool to reduce risks of introduction. However, their effectiveness in disease prevention is challenged by widespread, informal trade links and travel by air, land or water. 'Harvest seasons', such as those associated with the Lunar New Year (also called the 'Chinese New Year'), or during the run-up to Orthodox Christmas in Eastern Europe, present high-risk moments for the introduction and spread of African swine fever, due to the increased trade of pork products at such times.
The likelihood of persistence of African swine fever virus in naïve areas is difficult to assess, since it is not clear whether the disease can persist in the absence of a wildlife reservoir and tick vectors. Soft ticks are not easy to find, and information on their geographic distribution is scarce. Ornithodoros species have been encountered in the Americas, Africa, parts of Europe, the Caucasus and parts of Asia. There is no evidence to suggest that they play a role through international trade, since soft ticks do not remain on the vertebrate host beyond the time needed to feed on blood.
Is it possible to determine the role of trade in the establishment of vector-borne diseases?
Davies reviewed the introduction of Rift Valley fever to the Arabian Peninsula in 2000 and described some of the main factors favouring disease spread through livestock trade in this particular set of circumstances (19) . The two major religious festivals in Mecca during Ramadan are Eid ul-Fitr and Eid ul-Adha/Arafa, attracting millions of pilgrims. The Eid ul-Adha festival, in particular, features the ritual sacrifice of a ram. To supply the demand, sheep are traded to Mecca from as far away as the pastoral areas in the Great Horn of Africa (north-east Kenya, Somalia, south-east Ethiopia, western Sudan and Yemen) (18, 20) . The Somali black-head or fat-tailed sheep are highly prized for this ceremony. The trade in small ruminants during this period has been valued at US$0.6 to US$0.9 billion.
Two main systems prevail. The first involves the transport network of roads from regional markets in Somalia, Ethiopia or north Kenya, to the ports on the Red Sea (Berbera, Bossasso and Port Sudan), and from there by boat to Jeddah, Saudi Arabia. The second, more traditional system is one in which animals are exported from Africa to Yemen, mostly via the port of Mokkah, for fattening in the plateau and tihama zones of Yemen, before taking the traditional trade route northwards, leading from Yemen to Saudi Arabia.
In his review, Davies (18) examined the risk of the spread of Rift Valley fever from the Horn of Africa to the Middle East and observed that:
-by the time the virus is detected at the point of origin, it is usually too late to disrupt onward transmission as infected animals may already have been exported -the trade routes involving the port of Jizan enable animals to arrive in Jeddah within five to ten days after leaving the markets of origin -the journey by road and sea from the Horn of Africa to Jeddah may be completed within the incubation period of Rift Valley fever, which is one to seven days, and viraemia may persist for another one to seven days -a 1.5% to 3% infection rate, which readily prevails when the animals are shipped from an area at the time of peak virus activity, would translate into a total of some 15,000 to 30,000 infected sheep being slaughtered on the peak day of Eid ul-Adha -virus exposure through blood contact presents a major risk of transmission to humans through skin cuts, abrasions or from inhalation of blood aerosols when cutting throat arteries during slaughter.
More to come?
This discussion has illustrated the need for a detailed analysis of trade dynamics and systems to be blended into the epidemiology of the disease. However, such knowledge is challenged by the rapidly rising number of biological invasions, including those by disease vectors. For example, it has been shown that modern container ships redistribute numerous alien mosquito species, as with Ae. japonicus (66, 79) or the Asian tiger mosquitoes, Ae. albopictus (4) . Aedes albopictus is vector-competent for at least 22 arboviruses, including those of dengue, yellow fever and West Nile fever (67) . During the past three decades, the range of Ae. albopictus has expanded intercontinentally, principally through shipborne transportation of eggs and larvae in used automobile tyres (58) . Its introduction has also been traced to imports of 'lucky bamboo' from sub-tropical Asia (67) .
In a recent study, Tatem et al. (75) combined climatic information with data on international ship and aircraft traffic movements to map disease-vector suitability and accessibility areas, with a specific focus on Ae. albopictus. The analysis revealed that, in climatically similar ports, those areas where successful introduction and establishment had occurred had traffic volumes that were more than twice as high. Following establishment of the vector, the introduction of viraemic hosts may translate into local outbreaks. This was the case with the introduction of chikungunya virus into Italy in 2008, during the peak abundance of Ae. albopictus, resulting in hundreds of human cases (3). In 2010, the introduction of Ae. aegypti became evident in northern Europe, probably also through used tyres (27) . This mosquito species is primarily an urban vector for dengue and yellow fever and was once established as far north in Europe as Brest and Odessa (60) .
In their study on the tiger mosquito, Tatem et al. (75) highlighted the importance of routes originating from Eastern Asia (more specifically, Japan) to North America and Mediterranean Europe. Interceptions of Ae. albopictus in tyre shipments from Japan to Australasia have also been reported, and it is plausible that strict inspections and fumigation policies on arrival played a role in preventing the establishment of these mosquitoes.
How can we prepare for the unexpected?
As Tatem remarked: 'There is no room for complacency because, where quarantine services must succeed every time, disease vectors need to succeed only once to establish new bridgeheads from which to invade new regions or continents' (75) .
Surprise invasions will inevitably take place. Recent flareups of surra in Europe may serve as an example to show how decision-makers may have to respond to the unexpected on an ad hoc basis when introduction is a fact and establishment a serious risk. Surra, caused by Trypanosoma evansi, has never been regarded as an important candidate for dissemination into northern latitudes. However, several recent events call for a revision of this assumption. An outbreak of surra in France was reported in October 2006, on a farm which had, three months earlier, imported five camels from the Canary Islands, where T. evansi is known to be endemic. The supplier prepared camels for circus acts and entertainment parks and had imported animals from Mauritania, where T. evansi is also known to be endemic (25) . After one imported camel died and parasites were detected, further investigations revealed trypanosomes in the blood of five more camels, two imported and three locally bred (24) . Thus, secondary transmission had apparently taken place on the farm, probably by mechanical vectors (tabanids and Stomoxys calcitrans).
Likewise, camels from the same farm on the Canary Islands were exported to mainland Spain, again followed by an outbreak of surra (74), affecting, rather unexpectedly, nine camels, one horse and one donkey, suggesting again secondary transmission by haematophagous insects feeding on multiple host species.
These two outbreaks suggest that trade-and transportation-driven invasions can only be prevented through sound risk analysis, adequate precautionary measures in the country of origin, intensive surveillance and interception, including within areas covered by free trade agreements (71) . The surra outbreaks also highlight the need for countries to be able to adjust regulation swiftly. In this case, surra was rapidly moved from the equine to the multi-species section of the World Organisation for Animal Health (OIE) list of notifiable diseases (37) .
In Europe alone, it has been argued that no fewer than 12 arboviruses may have the potential to become established: -Rift Valley fever -Saint Louis encephalitis -California encephalitis -dengue fever -Japanese encephalitis -Kyasanur forest disease and Alkhurma virus -eastern, western and Venezuelan equine encephalitis -Ross River virus -Colorado tick fever.
At least two bacteria are also considered potential invaders, one being the genus Rickettsia, the agent of human monocytic ehrlichiosis, and the other Yersinia spp. circulating in rodents (and the agent of bubonic and Rev. sci. tech. Off. int. Epiz., 30 (1) pneumonic plague in humans). The main potential vectors involved in these possible invasions are ticks and Aedes and Culex mosquitoes (78) . The impact of Saint Louis encephalitis introduced into the Old World would probably be similar to that of West Nile fever introduction into the Western Hemisphere (60).
Given these risks, the question arises as to why arthropod vectors receive so little attention in current veterinary legislation, with the main focus being on microbial risks from trade and the transportation of live animals and their products. Unexpected introductions of both infected vectors and vertebrate hosts pose a threat of growing importance, requiring customisation of the early warning and vigilance systems already in place. The alert system should reflect the list of pathogens likely to be introduced, whether by trade or by natural means (e.g. bird migration). Early detection points should be identified, with demarcation of habitats that would support the new establishment of a disease and/or its arthropod vector. Early detection strategies should be detailed, describing the best available tools for monitoring, case definitions, sentinel species, etc., based on our knowledge of disease ecology. The cost-effectiveness of these measures can hardly be questioned. Finalement, l'enjeu de la surveillance et de la régulation sanitaire des échanges est rappelé, en insistant sur la nécessité de mieux appréhender les populations vectorielles et de se préparer aux défis de situations parfois très imprévisibles qui nécessitent une grande réactivité, y compris dans les aspects réglementaires. Resumen Dada la multitud de factores que inciden en la transformación de los hábitat y las interfaces entre vectores y hospedadores, resulta difícil determinar el papel que ha desempeñado el comercio internacional en la expansión de enfermedades transmitidas por vectores. Es probable que la introducción de patógenos a través del comercio de animales vivos o productos de origen animal, así como la llegada de artrópodos que ejercen de vectores, sean hechos bastante frecuentes, aunque el establecimiento de un sistema de transmisión eficiente, capaz de dar lugar a un brote infeccioso, sigue revistiendo carácter excepcional. Basándose en ejemplos bien descritos, los autores pasan revista a las características ecológicas y epidemiológicas de enfermedades transmitidas por vectores que quizá se hayan visto influidas por el comercio internacional en su propagación y en el cambio de sus áreas de distribución. Además, presentan un detallado análisis de los riesgos ligados a determinadas rutas comerciales y de recientes episodios de expansión de las poblaciones de vectores. Por último subrayan la importancia, y también las dificultades, de la reglamentación y la vigilancia preventivas, y recalcan la necesidad de vigilar más eficazmente las poblaciones de vectores y de prepararse para afrontar episodios epidémicos impredecibles, lo que exigirá rapidez de reacción, en el terreno reglamentario inclusive.
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